Self-Assembly of Magnetic Atoms on Stanene =

Po-Yao Chang', Horng-Tay Jeng “’and Pin-Jui Hsu""

Nitin Kumar', Chia-Ju Chen', Yen-Hui Lin', Tzu-Hsuan Lin’, Ye-Shun Lan’', Iksu Jeng', t% %4

" Department of Physics, National Tsing Hua University, Hsinchu 300044, Taiwan
2Centerfor Quantum Technology, National Tsing Hua University, Hsinchu 300044, Taiwan

‘Institute of Physics, Academia Sinica, Taipei 11529, Taiwan -
*E-mail: pinjuithsu@phys.nthu.edu.tw

Imt |[ntroduction
¥ Magnetic topological insultors ¥ Literature review

1 2
A: 2D ultraflat stanene on Cu(111) B: Co adatom on graphene
(@) conduction (b) Magnetic doping (c) - ° : ‘ a
band : : \\Atomic Sn source
© © (d)| Quantum Anomalous ° ouesiieetes
Topological - Hall Effect (QAHE) I
(it . . 35
state 4 / FEasziese |
/ 'M - 4 o 2 : 5 b Co@edge-atop/hcp -
EF ————— EF w— — w— — ) - | | | Co@edge-atop/fcc -
f,x”f/ / / : | . Distance (nm) *E'
i f g h 3
MTI S
/. A .
urrent .

-0.5 C
Valence | v
band " g Magnetic Topological Insulator y

Magnetic proximity coupling Image source:

Topologlcal Insulator Liu, J., and T. Hesjedal, Advanced Materials, 2021, 2102427.

Binding energy (eV)
Binding energy (eV)

-1.5

ImXt Results orar o e 2o
¥ Topography

™ (e Fe/Sn/Cu(111
Gk

@ .
Trimer

Trimer
-

i

0.166nm

s
A J
"
g
A
S
S
3

18.2 ] —hea ] N T T I r r T

—~ g —~ 18.9 8.2 1 — 18.6 1 — 184 neg —

Zie —vpos | L < < < — po§g L 4 -

—18.1 1 1 = 18.6- ! 8.1 +— 18.3 . — 181 - :

e _C e < e <

0180 | { o 8.0 | 12 456 1| © 184 © 189 -

) O 18.31 1 ) [0 ) o o)

Ii7.9 ; 1T 7.9 L 477 ! T 179 I 177 ;
— 8ol || 178 N 'YE S I S
0 5 10 15 0 5 10 15 0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25

Distance (A) Distance (A) Distance (A) Distance (A) Distance (A) Distance (A)

# % Magnetically (Fe/Co atoms) doped two-dimensional monolayer stanene was
grown on Cu(111) substrate by using molecular beam epitaxy at 80 Kelvin.

{ + Magnetic atoms (Fe/Co) have been doped subsequently at same temperature.
<+ Alow-temp. (0.3K) STM/STS with 9T B-field has been used for investigation.

——1 P m B SR>y < Atomic structures have been deduced based on STM images and DFT.
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< A non-zero total spin has confirmed by observing the Kondo effect.

* Kondo peak splitting in magnetic field" % Kondo peak broadening with ¥ Theoretical Results
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Frota lineshape for Kondo peak fitting:
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0 < Co and Fe impurities have self-assembled on monolayer stanene/Cu(111) in the form of monomer, dimer, and trimer. ,
. . . . N Magnetic Moment (u;) Kondo Temperature (K)
< Kondo resonances at the Fermi1 level have been observed from the screening of the spins of Fe impurities as a hallmark of successful System Mono Mono
magnetization of stanene, however, the magnetic moments of the Co atoms are too small to effectively screened by itinerant electrons. et Dimer Trimer et Dimer Trimer
< Single Kondo peaks have split into two 1n external magnetic field and width of the peaks has broadened with temperature.
. . . o . . . , . L, Co/Sn/Cu(111) 0.60 0.56 0.29 - - -
< The total effective spins of Fe atoms have found to be 3/2 by fitting the Kondo splitting with theoretical effective spin Hamiltonian".
< Magnetic moment, amplitude of Kondo resonance, and Kondo temperature progressively decreased from monomer to dimer and  Fe/Sn/Cu(111) 238 226 2.23 770 7.10  5.88
trimer due to the interactions among magnetic atoms. y




